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(57) ABSTRACT

Freeze protection of an on-board emissions treatment sub-
stance storage and distribution system 1n a vehicle includes

moving the emissions treatment substance away from a pri-
mary fuel/vapor area after filling of the emissions treatment
system. In one embodiment an on-board emissions treatment
system has a fill tube with a portion extending 1into a primary
tuel f1ll tube to facilitate co-fueling of the primary fuel and
emissions treatment substance. A pressure differential or
vacuum 1s created in the emissions treatment fill tube after
filling to move the emissions treatment substance away from
a check valve disposed at the terminal end of the fill tube to
prevent freezing of the check valve after filling. The emis-
s10ms treatment substance may be moved out of the co-located
portion of the fill tube to an area where passive or active
heating of the fill tube may be applied to further reduce
susceptibility to freezing.

19 Claims, 2 Drawing Sheets
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FREEZE PROTECTION FOR ON-BOARD
VEHICLE EMISSIONS TREATMENT

SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application 1s a divisional of commonly owned and
U.S. application Ser. No. 11/163,294 filed Oct. 13, 2005, now

U.S. Pat. No. 7,578,321, the disclosure of which 1s hereby
incorporated by reference 1n its entirety.

BACKGROUND

1. Technical Field
The present disclosure relates to systems and methods for
controlling an on-board emissions treatment system of a

vehicle.

2. Background Art

Manufacturers of vehicles and internal combustion
engines used 1n a variety of diverse applications are continu-
ally striving to improve engine/vehicle fuel economy and
performance while reducing emissions. Effective emission
control strategies often include control of the combustion
event 1n addition to various devices that treat the exhaust
before 1t reaches the atmosphere. Various types of emission
control systems introduce one or more substances directly or
indirectly to the engine via the fuel supply, air/fuel intake,
exhaust, or directly to an engine cylinder or emissions control
device, such as a catalyst. For example, substances acting as
reducing agents or reductants, such as aqueous urea or hydro-
carbons (other than fuel) may be used in lean air/fuel ratio
engine applications including diesel engines in combination
with lean NOx catalysts (or selective catalytic reduction
(SCR)) to treat nitrous oxide feedgas emissions. These sub-
stances generally require a storage and distribution system
separate from the primary fuel storage and distribution sys-
tem that must accommodate physical properties different
from the primary fuel, such as being more vulnerable to
freezing, for example.

Appropriate positioning of the emissions treatment sub-
stance storage reservoir and distribution system next to heat
rejecting elements of the engine/vehicle, or an active heating,
clement or device, may be required to assure proper operation
of the emissions treatment system 1n extreme environments.
However, due to the combustibility of the primary fuel and/or
tuel vapor, these approaches may be problematic 1n applica-
tions where the emissions treatment system and primary fuel
supply share a common space. For example, U.S. Pat. Nos.
6,554,031 and 6,216,755 disclose a dispensing system that
may be used to simultaneously supply a primary fuel and an
emissions treatment substance through an mtegrated nozzle
to respective supply tubes integrated within a common f{ill
tube or pipe of a vehicle. This process, which may also be
referred to as co-fueling, 1s one example of an application
where a portion of the emissions treatment substance system
may be susceptible to freezing, and 1s not amenable to direct
heating due to the presence of primary fuel and fuel vapor.

SUMMARY

A system and method for controlling an on-board emis-
s10ms treatment substance storage and distribution system n a
vehicle include moving the emissions treatment substance
away from a primary fuel/vapor area after filling of the emis-
s10ns treatment system.
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Embodiments of the present disclosure include an
on-board emissions treatment system having a fill tube with a
portion extending nto a primary fuel fill pipe to facilitate
co-fueling of the primary fuel and emissions treatment sub-
stance. A pressure differential or vacuum 1s created in the
emissions treatment fill tube after filling to move the emis-
s10ns treatment substance away from a check valve disposed
at the terminal end of the fill tube to prevent freezing of the
check valve after filling. The emissions treatment substance
may be moved out of the co-located portion of the fill tube to
an area where passive or active heating of the fill tube may be
applied to further reduce susceptibility to freezing, or to thaw
areas that may freeze during long exposures to extreme cold
without operating the system. In one embodiment, the on-
board emissions-treatment system includes a bladder-accu-
mulator storage reservoir to store aqueous urea. An air pump
operates to create negative pressure within the storage tank
after filling so that the bladder expands drawing air into the
urea f1ll tube and moving the urea away from the check valve.
The air pump 1s subsequently used to create a positive pres-
sure within the urea storage tank that acts on the bladder to
deliver urea to an emissions treatment device, such as a lean
NOx catalyst.

The present disclosure provides a number of advantages.
For example, the present disclosure moves the emissions
treatment substance away from the filling area after filling to
reduce freezing susceptibility of the substance within the fill
tube and associated {ill tube components, such as a check
valve, for example. The present disclosure does not require
heating of the emissions treatment substance to reduce the
possibility of freezing of fill-related components. For appli-
cations that include heating of the emissions treatment sub-
stance, the present disclosure moves the emissions treatment
substance away from the primary fuel/vapor area to an area
where 1t can be passively or actively heated to further reduce
the possibility of freezing while eliminating the possibility of
heating the primary fuel to avoid additional tuel vaporization.

The above advantages and other advantages and features
will be readily apparent from the following detailed descrip-
tion of the preferred embodiments when taken 1n connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating one embodiment of a
system or method for controlling an on-board vehicle emis-
s1ons treatment system according to the present disclosure;
and

FIG. 2 1s flow chart 1llustrating operation of a system or
method for controlling an on-board emissions treatment sys-
tem according to the present disclosure.

DETAILED DESCRIPTION

As those of ordinary skill in the art will understand, various
teatures of the present disclosure as 1llustrated and described
with reference to any one of the Figures may be combined
with features 1llustrated 1n one or more other Figures to pro-
duce embodiments of the present disclosure that are not
explicitly 1llustrated or described. The combinations of fea-
tures 1llustrated provide representative embodiments for typi-
cal applications. However, various combinations and modi-
fications of the features consistent with the teachings of the
present disclosure may be desired for particular applications
or implementations.

Referring now to FIG. 1, a block diagram 1llustrating one
embodiment of a system or method for controlling an on-
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board vehicle emissions treatment system according to the
present disclosure 1s shown. System 10 includes a primary
fluid storage and distribution system 12 and a secondary fluid
storage and distribution system 14 that are mounted on a
vehicle (not shown). In one representative application, pri-
mary fluid system 12 1s used for storage and distribution of
tuel used to power an internal combustion engine and sec-
ondary tluid system 14 1s used for storage and distribution of
an emissions treatment substance. As an example, primary
fluid system 12 may be used to store diesel tuel for a com-
pression 1gnition engine and secondary fluid system 14 may
be used to store an emissions treatment substance, which may
include, but 1s not limited to various reducing agents or reduc-
tants such as aqueous urea, hydrocarbons (other than the
primary fuel), etc. Primary fluid system 12 includes a primary
fluid storage tank 18 for storing primary fluid 20. Primary
tank 18 may include a combination valve 22 to provide shut-
off of primary fluid dispensing provided by a float valve,
pressure reliel provided by a pressure relief valve set at a
mimmal pressure, spill prevention provided by a gravity
valve, and vacuum relief provided by a vacuum valve to
permit air to enter tank 18 as primary fluid 20 1s consumed. A
f1ll pipe 26 extends between primary storage tank 18 and
terminates at a filler neck 28 adapted for recerving a filling
nozzle (not shown) and a removable cap 30.

Secondary fluid storage and distribution system 14
includes a secondary fluid storage tank 40 coupled to a sec-
ondary flmd fill tube 42, at least a portion of which 44 is
disposed within primary fluid fill pipe 26 to facilitate co-
delivery of primary fluid 20 and secondary fluid 50 from a
common nozzle having corresponding primary and second-
ary supply tubes. Depending upon the particular application
and 1mplementation, secondary fill tube 42 may include a
valve 52 located near the end of fill tube 42 terminating within
filler neck 28. For applications having a pressurized second-
ary fluid system 14, valve 52 may be a one-way valve, such as
a check valve, that operates to allow pressurized secondary
fluid from the filling nozzle (not shown) to fill secondary tank
40, but prevents secondary fluid from escaping out the termi-
nal end when the filling operation 1s completed. In one exem-
plary embodiment, valve 52 1s implemented by a check valve
having a spring acting on a seating element, such as a ball, to
maintain a seal when the spring 1s not depressed. During
co-fueling, the filling nozzle depresses the spring allowing
secondary fluid 50 to enter portion 44 of secondary fill tube
42. Other types of valves may be used depending upon the
particular application, including but not limited to mechani-
cally, electrically, magnetically, electromagnetically, or
pneumatically actuated valves, for example.

In the embodiments illustrated 1n FIG. 1, secondary fluid
storage tank 40 1s a bladder-accumulator type tank having an
expandable bladder 60 that contains secondary fluid 50
within arigid tank 62 filled with air or another fluid. However,
the present disclosure 1s independent of the particular type of
storage tank 40. Those of ordinary skill 1n the art will recog-
nize that the teachings of the present disclosure may be
applied to pressurized fluid storage systems that do not use a
bladder-accumulator type storage tank 40. In addition, the
present disclosure may be applied to systems that are not
pressurized, but that maintain a fluid 1n a portion of the fill
tube after filling that 1s undesirable due to subsequent oper-
ating conditions.

Pressure control device 64 1s coupled to storage tank 40 and
1s used to modily or control the pressure within secondary
fluid storage and distribution system 14 according to the
present disclosure as described 1n greater detail herein. In the
illustrated embodiments of FIG. 1, pressure control device 64
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includes an air pump 70 that 1s coupled to tank 62 via one or
more controllable valves implemented by solenoid controlled
pressure valve 72 and vacuum valve 74. Other embodiments
ol pressure control device 64 may include a single combina-
tion valve to selectively couple a pump or other device to tank
62. Similarly, pressure control device 64 may be implemented
by one or more controllable valves directly connected to
secondary fluid storage tank 40 to provide controlled venting
of tank 40 to atmosphere, for example.

Secondary fluid system 14 may optionally pass through or
be contained within a heated region, represented generally by
reference numeral 80, to reduce susceptibility of secondary
fluid 50 to freezing, or to thaw frozen tluid. Heated region 80
may extend nearly to primary fluid fill pipe 26 and may be
used to actively or passively heat secondary fluid 50. For
example, appropriate routing of secondary fluid fill tube 42
and/or storage tank 40 near heat rejecting elements of the
vehicle such as the engine, radiator, o1l pan, exhaust system,
etc. may be used to provide passive heating. Alternatively, an
engine or vehicle fluid or component, represented generally
by reference numeral 84, may be routed near one or more
components of secondary tluid storage and distribution sys-
tem 14 to provide suificient heat to keep secondary tluid 50
from freezing, or to thaw frozen fluid. For example, automatic
transmission fluid, engine coolant, engine lubricating o1l, and
the like may be routed proximate fill tube 42 and/or storage
tank 40. Depending on the particular application, the fluid or
fluids used for passive heating may be selectively routed
within heating zone 80 only when heating 1s desired using
appropriate control valves. The freezing temperature for sec-
ondary fluid 50 will vary depending upon the type of emis-
sions treatment substance and specific formulation. For a
representative application using an aqueous solution of urea,
freezing may occur at about minus twelve degrees Celsius
(-12° C.). For applications using active heating, an electric
heating element or similar device, may be positioned near
secondary fill tube 42 away from primary fill pipe 26 and
energized based on ambient temperature or temperature
within a predetermined region or zone of system 14, for
example.

System 10 may include one or more optional sensors 76, 78
that may detect operating conditions used to control second-
ary tluid system 14. For example, one or both sensors 76, 78
may be used to detect the presence, pressure, and/or velocity
of secondary fluid 50 moving within secondary fill tube 42.
Similarly, one or more sensors 76, 78 may be used to deter-
mine temperature, pressure, or other parameters associated
with secondary fluid 50 and may be implemented in-line or
externally depending upon the particular application and
implementation. As those of ordinary skill in the art will
appreciate, system 10 includes various conventional sensors
86 and actuators 88 1n addition to those illustrated in FIG. 1 to
control primary fluid system 12 and secondary fluid system
14. The sensors and actuators communicate with at least one
controller 90 that includes a microprocessor 92, also called a
central processing unit (CPU), 1n communication with a
memory management unit (MMU) 94, MMU 94 controls
movement of data and/or 1nstructions among various com-
puter readable storage media 96 and communicates data to
and from CPU 92. The computer readable storage media
preferably include volatile and nonvolatile or persistent stor-
age 1n read-only memory (ROM) 98, keep-alive memory
(KAM) 100, and random-access memory 102, for example.
KAM 100 may be used to store various engine and/or ambient
operating variables while CPU 92 is powered down.

Computer-readable storage media 96 may be implemented
using any of a number of known memory devices such as
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PROMSs (programmable read-only memory), EPROMs (elec-
trically PROM), EEPROMs (electrically erasable PROM),
flash memory, or any other electric, magnetic, optical, or
combination memory devices capable of storing data, some
of which represent executable 1nstructions, used by CPU 92
in controlling system 10. Computer-readable storage media
96 may also include tloppy disks, CD-ROMs, hard disks, and
the like depending upon the particular application. CPU 92
communicates with the sensors and actuators via an mput/
output (I/O) interface 104. Interface 104 may be implemented
as a single integrated interface that provides various raw data
or signal conditioning, processing, and/or conversion, short-
circuit protection, and the like. Alternatively, one or more
dedicated hardware or firmware chips may be used to condi-
tion and process particular signals before being supplied to
CPU 92. Some controller architectures do not contain an

MMU 94. If no MMU 94 1s employed, CPU 92 manages data
and connects directly to ROM 98, KAM 100, and RAM 102.
Of course, the present invention could utilize more than one
controller 90 or more than one CPU 92 to provide system
control and each controller 90 may contain multiple ROM 98,
KAM 100, and RAM 102 coupled to MMU 94 or CPU 92
depending upon the particular application.

In operation, during a filling procedure where primary tank
18 and secondary tank 40 are at least partially filled with
corresponding fluids, filler cap 30 1s removed and a co-fueling
nozzle (not shown) 1s 1nserted into filler neck 28. Valve 52
may be opened by an appropriate signal, mechanically
opened by insertion of the nozzle, or opened by supply fluid
pressure, for example. In one embodiment, valve 52 1s imple-
mented by a spring-loaded check valve and i1s operated
mechanically by insertion of the nozzle, which seals a sec-
ondary fluid supply tube within the nozzle with the terminal
end of secondary fluid {ill tube 42. Primary fluid flows into
primary fill pipe 26 and primary tank 18 while secondary tluid
begins flowing into fill tube 42 and bladder 60 of tank 40.
Normally closed pressure valve 74 1s actuated by controller
90 to vent tank 62 to atmosphere and allow bladder 60 to
expand without a corresponding increase in pressure within
tank 62 and bladder 60. When bladder 60 (or tank 40 in
applications not using a bladder) reaches a predetermined fill
level, such as 90%, pressure valve 74 1s de-energized (closed)
to reapply pressure to tank 40 and stop secondary fluid 50
from flowing into fill tube 42 from the nozzle. Air pump 70
may also be actuated for a predetermined period of time to
increase pressure within tank 40 to stop flow of the secondary
fluad 1nto 111l tube 42. At this point, secondary fluid 50 may be
pressurized and remain within {ill tube 42 surrounding the
spring ol check valve 52. When the filling nozzle 1s removed,
valve 52 reseats and prevents secondary fluid 50 from escap-
ng.

After the filling process 1s completed with tank 40 at least
partially filled with secondary fluid 50, controller 90 briefly
energizes (opens) normally closed pressure valve 74 to vent
tank 62 and reduce pressure within bladder 60, which may
result 1n secondary fluid 50 moving away from the terminal
end of fill tube 42 toward bladder 60. Controller 90 then
energizes (closes) normally open vacuum valve 72 and oper-
ates air pump 70 to evacuate (1.e. lower the pressure below
atmosphere) tank 62, which allows bladder 60 to expand and
lowers pressure within secondary fluid fill tube 42. Pressure
may be lowered sulliciently to draw air into the terminal end
of fill tube 42 past valve 52 moving secondary fluid 50 further
away Ifrom valve 52 and pretferably to a point 110 outside of
primary fluid fill pipe 26, 1.e. beyond portion 44 of fill tube 42.
Air pump 70 may be operated to move secondary fluid 50
within heated region 80, which 1s preferably located away
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from primary fill pipe 26 to avoid unnecessary vaporization of
primary fluid within fill pipe 26. The position of secondary
fluid 50 within {ill tube 42 may be detected by one or more
sensors 76, 78, or may be estimated based on pressure within
{11l tube 42, tank 62, or based on the length of time that air
pump 70 1s operated. For example, embodiments of system 14
that do notinclude sensors to indicate position of fluid 50 may
operate air pump 70 for a predetermined amount of time to
move fluid 50 away from valve 52 and past the co-located
portion 44 of primary and secondary fill tubes 26, 42, respec-
tively. The amount of time may vary depending on the par-
ticular secondary fluid or emissions treatment substance, the
power of the air pump, and various other considerations. The
time period may be empirically determined during design and
development of the system.

After operating pressure reducing device 64 to move sec-
ondary fluid 50 away from the terminal end of corresponding
{111 tube 42, controller 90 de-energizes normally open vacuum
valve 72 and normally closed pressure valve 74 and operates
air pump 70 to pressurize system 14 and facilitate subsequent
delivery of secondary fluid 50 to an emissions treatment
device or other device through a corresponding distribution/
delivery system (not shown). Pressure valve 74 may include
an integral air filter, or may recerve filtered air from the
vehicle air intake system. During pressurization of system 14,
valve 52 1s closed and prevents air from escaping from f{ill
tube 42 so that secondary tluid does not reach valve 52. As
such, any subsequent {reezing of secondary fluid 50 that may
occur does not adversely impact operation of valve 52 during
a subsequent filling.

FIG. 2 1s a flow chart illustrating operation of a system or
method for controlling a secondary fluid storage and distri-
bution system, such as an emissions treatment substance stor-
age and distribution system according to the present disclo-
sure. As those of ordinary skill in the art will appreciate, the
diagram of FIG. 2 generally represents a control process or
logic, some of which may be implemented by any one or more
of a number of known processing strategies such as event-
driven, mterrupt-driven, multi-tasking, multi-threading, and
the like. As such, various steps or functions i1llustrated may be
performed 1n the sequence illustrated, 1n parallel, or 1n some
cases omitted. Likewise, the order of processing 1s not nec-
essarily required to achieve the features and advantages of the
invention, but 1s provided for ease of 1llustration and descrip-
tion. Although not explicitly illustrated, one of ordinary skall
in the art will recognize that one or more of the illustrated
steps or functions may be repeatedly performed depending
upon the particular processing strategy or implementation.

Steps of the process performed by a controller may be
implemented primarily 1n software executed by a micropro-
cessor-based controller that may be dedicated to controlling
the emissions treatment system, or may also be used to con-
trol the engine and/or vehicle. Of course, these steps may be
implemented 1n software, hardware, or a combination of soft-
ware and hardware depending upon the particular applica-
tion. When implemented in soiftware, the control logic 1s
preferably provided 1n a computer-readable storage medium
having stored data representing instructions executed by a
computer or controller to control the system. The computer-
readable storage medium or media may be any of a number of
known physical devices which utilize electric, magnetic, and/
or optical devices to temporarily or persistently store execut-
able 1nstructions and associated calibration information,
operating variables, and the like.

Filling of the primary and secondary fluid storage and
distribution systems 1s detected as represented by block 200
of FIG. 2. Pressure within the secondary tluid storage tank 1s
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relieved by venting to initiate the filling process as repre-
sented by block 210. Completion of the filling process 1s
indicated by block 220. As previously described, the pressure
within the secondary fluid storage tank may be maintained or
increased by closing a venting valve or operating an air pump,
respectively, to complete the filling process. Those of ordi-
nary skill in the art will appreciate that a filling process does
not necessarily require complete filling of the secondary fluid
storage tank to capacity. After the filling process 1s completed
as indicated at 220, secondary tluid 1s moved away from the
terminal end of the filling tube by reducing pressure within
the secondary fluid storage tank as indicated at 230. Pressure
may be reduced (or maintained at a reduced level) for a
predetermined period of time and/or until the secondary fluid
has moved to a predetermined position within the fill tube,
such as away from a primary tluid fill tube or within a heated
region, as represented by block 240. The reduced pressure
draws air into the secondary tluid fill tube past a valve located
near the terminal end of the fill tube to prevent the valve from
being mnoperable 11 the secondary fluid freezes.

After the secondary fluid has been moved away from the
terminal end of the secondary fluid fill tube, and preferably
out of the primary fluid fill tube and 1nto a heated region of the
system, the secondary fluid storage tank i1s pressurized to
prepare for subsequent delivery of the secondary fluid as
represented by block 250. For applications having passive or
active heating of the secondary fluid, block 260 may deter-
mine whether heating of the secondary flmid 1s desired. The
determination to activate passive or active heating may be
made based on various system and/or ambient operating con-
ditions. For example, secondary fluid temperature, ambient
temperature, fluid pressure at one or more points within the
secondary fluid storage and distribution system, etc. In one
embodiment, low fluid pressure at an emissions treatment
system dosing valve may indicate that the secondary tluid has
frozen and that heating of one or more regions 1s required.
When heating 1s desired as represented by block 260, the fluid
within one or more heating regions may be heated as repre-
sented by block 270.

As such, the present disclosure reduces the potential for
freezing of components 1n a secondary tluid storage and dis-
tribution system by moving the secondary fluid, which may
be used as an emissions treatment substance, away from the
co-located filling area after filling. For applications using
co-fueling of a primary fuel and urea, the mvention prevents
formation of urea ice on the spring side of a check valve
disposed near the terminal end of the urea fill tube, which
would otherwise prevent the check valve from opeming and
filling of the emissions treatment system.

The present disclosure does not require heating of the
emissions treatment substance to reduce the possibility of
freezing of fill-related components, such as a valve. However,
for applications that include heating of the emissions treat-
ment substance, the present disclosure moves the emissions
treatment substance away from the primary fuel/vapor area to
an areca where it can be passively or actively heated to further

reduce the possibility of freezing while avoiding unnecessary
heating of the primary fuel.

While the best mode for carrying out the invention has been
described 1n detail, those familiar with the art to which this
invention relates will recognize various alternative designs
and embodiments for practicing the invention as defined by
the following claims.
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What 1s claimed:

1. A system onboard a vehicle for recetving a primary tlhuid
and a secondary fluid from a dispensing system having a
nozzle for delivering the primary and secondary fluids, the
system comprising;:

a secondary flwud fill tube having at least a portion disposed
within a primary fluid {ill tube, the primary and second-
ary tluid fill tubes interfacing with corresponding supply
tubes within the nozzle;

a primary tluid storage tank connected to the primary fluid
fill tube;

a secondary fluid storage tank connected to the secondary
flmid fill tube;
a device coupled to the secondary fluid storage tank that

selectively lowers pressure within the secondary fluid
storage tank 1n response to a command signal after at
least partially filling the secondary fluid storage tank to
move the secondary fluid away from the portion of the

secondary fluid fill tube disposed within the primary
fluad fill tube.

2. The system of claim 1 wherein the device comprises a
controllable valve to selectively vent the secondary storage
tank to atmosphere.

3. The system of claim 1 wherein the device comprises an
alr pump.

4. The system of claim 1 wherein the secondary fluid stor-
age tank 1ncludes a bladder disposed within a rigid tank and
coupled to the secondary fluid fill tube for storing the second-
ary tluid, and wherein the device that selectively lowers pres-
sure 15 coupled to the rnigid tank to selectively lower pressure
within the ngid tank.

5. The system of claim 1 wherein the device that selectively
lowers pressure operates to selectively increase pressure
within the secondary fluid storage tank to facilitate distribu-
tion of the secondary fluid.

6. The system of claim 1 wherein the device that lowers
pressure lowers pressure to a level below atmospheric pres-
sure.

7. The system of claim 1 wherein the device that selectively
lowers pressure lowers pressure to open a check valve dis-
posed within a terminal end of the secondary fill tube and
draws air from atmosphere into the secondary tluid fill tube.

8. The system of claim 1 further comprising a check valve
disposed near a terminal end of the secondary fluid fill tube,
wherein the device that lowers pressure lowers the pressure to
open the check valve and allow the secondary fluid to move
away Irom the check valve after at least partially filling the
secondary fluid tank.

9. The system of claim 1 wherein the device lowers pres-
sure until the secondary fluid moves to a heated region of the
vehicle.

10. The system of claim 1 wherein the secondary fluid fill
tube 1s routed near heat rejecting elements of the vehicle to
passively heat the secondary fluid during vehicle operation.

11. The system of claim 1 further comprising a heating
clement positioned near the secondary {ill tube away from the
primary tluid fill tube.

12. The system of claim 1 further comprising at least one
sensor to detect operating conditions used to control the
device coupled to the secondary fluid storage tank.

13. The system of claim 12 wherein the at least one sensor
detects presence of secondary fluid within an associated por-
tion of the secondary fill tube.

14. The system of claim 1 wherein the device coupled to the
secondary fluid storage tank operates to 1increase pressuring,
within the secondary fluid storage tank to stop flow of the
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secondary fluid into the secondary fluid fill tube during filling
of the secondary fluid storage tank.

15. The system of claim 1 wherein the device coupled to the
secondary fluid storage tank comprises at least one valve
operable 1n response to a command signal.

16. A system onboard a vehicle for receiving a primary
fluid and a secondary fluid from a dispensing system having
a single nozzle for delivering both the primary and secondary
fluads through corresponding supply tubes within the nozzle,
the system comprising;:

a secondary tluid fill tube having at least a portion disposed
within a primary fluid {ill tube, the primary and second-
ary flumid fill tubes interfacing with the corresponding
supply tubes within the nozzle;

a primary tluid storage tank connected to the primary fluid
fill tube;

a secondary fluid storage tank connected to the secondary
fluid fill tube;

a device coupled to the secondary fluid storage tank that
selectively moves the secondary fluid away from the
portion of the secondary fluid fill tube disposed within
the primary fluid fill tube; and

a controller in communication with the device for control-
ling the device to move the secondary fluid.

17. The system of claim 16 wherein the device coupled to

the secondary fluid storage tank comprises an air pump.

18. The system of claam 16 wherein the secondary fluid
storage tank comprises a rigid outer tank with a flexible inner
bladder and wherein the device coupled to the secondary tluid
storage tank comprises:
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a solenoid controlled pressure valve;

a vacuum valve; and

an air pump coupled, wherein the pressure valve 1s coupled
to a first port of the air pump and the rigid outer tank and
the vacuum valve 1s coupled to a second port of the air
pump and the rigid outer tank.

19. A system onboard a vehicle for recetving a primary
fluid and a secondary fluid from a dispensing system having
a nozzle for delivering the primary and secondary fluids, the
system comprising:

a secondary fluid fill tube having at least a portion co-
located with a primary fluid fill tube, the primary and
secondary fluid {ill tubes interfacing with corresponding,
supply tubes of the nozzle;

a primary fluid storage tank connected to the primary tluid
fill tube;

a secondary fluid storage tank connected to the secondary
flmd fill tube;

at least one valve operable in response to a command
signal; and

a controller in communication with the at least one valve
that operates the at least one valve in response to detect-
ing completing of a filling event of at least partial filling
of the secondary fluid storage tank to move the second-
ary fluid to a heated region of the vehicle to 1nhibat
subsequent freezing of the secondary fluid.
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